The tryptic peptides of aminoethylated coat protein from cowpea chlorotic mottle virus were isolated and their amino acid compositions determined. Twenty-three major peptides accounted for 177 of the 182 amino acid residues which comprise the coat protein. The tryptic peptides were identified with respect to their position on two-dimensional peptide maps ofcowpea chlorotic mottle virus protein, to aid future analysis of coat protein variants.
INTRODUCTION
The coat protein of cowpea chlorotic mottle virus (CCMV) comprises I82 amino acid residues and is the only major protein associated with the purified virus particle. Studies of nitrous acid-induced CCMV mutants (Bancroft et al. 197I, 1972, I973, I976) have provided an insight into the physicochemical behaviour of the virus. While the coat proteins of these variants have been characterized at the level of amino acid composition and tryptic peptide 'finger-print' analysis, further characterization of the nature of the mutant proteins will require knowledge of the primary structure of the coat protein from wild-type CCMV.
This paper describes the isolation and amino acid compositions of the tryptic peptides from s-fl-aminoethylated (AE-) wild-type CCMV coat protein. The peptides are identified with respect to their positions on two-dimensional peptide maps, as an aid to sequence analysis of variant coat proteins.
METHODS
Type CCMV was grown in systemically infected cowpea plants [Vigna unguiculata (L.) Walp. var. Blackeye] and purified as described by Bancroft et ak 0972). Coat protein was prepared by the HCI method, reduced and aminoethylated, hydrolysed with trypsin and two-dimensional peptide separations made, all as described by Bancroft et al. (I97I) . Twodimensional maps were stained to locate peptides containing arginine (Irreverre, I965; Yamada & Itano, I966), histidine (Dawson et al. I959) , tyrosine (Jepson & Smith, 1953) and tryptophan (Smith, 1953) . Purified tryptic peptides (see below) were identified with respect to their positions on two-dimensional peptide maps as described by Guest et al. (1967) . About Ioo nmol of purified peptides together with 5 nmol of a complete tryptic digest were submitted to the two-dimensional mapping procedure and the peptide maps stained with o.2 % ninhydrin in acetone followed by chlorination (Reindel & Hopp6, 1954) ; the purified peptide appeared as a heavily-staining spot on a faint background map.
Purification of tryptic peptides. Peptide mixtures were separated by a combination of ion-exchange chromatography on AG5oW× 2 cation exchange resin, 2oo to 4oo mesh I44 R. CASEY, M. W. REES AND M. N. SHORT (AG5o; Bio-Rad Laboratories; I35Xo.9 cm column), gel filtration on Sephadex G25 (590 x 0"9 cm column) and paper electrophoresis, all as described by Rees et al. 097o)-Prior to ion-exchange chromatography, the total tryptic peptides were extracted with o-2 Mpyridine-acetic acid, pH 3q, in which approx. 23 ~oo (w/w) of the peptides remained insoluble; these pyridine acetate-insoluble peptides (peptides 9 and I9, see below) were purified by gel filtration alone (Rees et al. t97o ). Peptides were located in column eluates by paper electrophoresis of a portion of each fraction as described by Rees et al. 097o) .
Amino acid analysis. Purified peptide and protein samples were hydrolysed and analysed as described by Rees et al. 0970) using a Beckman Spinco I2o or I2I amino acid analyser (Spackman et al. 1958) . AE-cysteine was determined as described by Raftery & Cole 0966).
Amide groups were assigned on the basis of peptide mobilities at pH 6"5 relative to lysine (+ I) as described by Offord 0966).
SDS-polyacrylamide gel electrophoresis. Coat protein purity and tool. wt. were determined by electrophoresis in a Io ~ polyacrylamide gel containing o'I ~ sodium dodecyl sulphate (SDS) as described by Weber & Osborn (i969) . The following marker proteins were used (tool. wt. in parentheses): sperm whale myoglobin (I 72oo), y-globulin light chain (235oo), chymotrypsinogen A (257oo), pepsin (35ooo), ovalbumin (430o0) and y-globulin heavy chain (516oo).
RESULTS

Protein analysis
SDS-gel electrophoresis of CCMV coat protein indicated the presence of a single component of mol. wt. I945o, a value which agrees well with that of I94oo determined by Bancroft et al. 097t) using other methods. The amino acid composition of the coat protein has been reported by Bancroft et al. (I97I) and is shown in Table I ; analysis of AE-coat protein showed the presence of 1.6 residues of AE-cysteine per subunit. Fig. I (a) shows a two-dimensional peptide map obtained from a 3"5 h tryptic digest of AE-coat protein. This figure includes all the information obtained from specific staining techniques, together with identification numbers of the individual peptides corresponding to those in Fig. 2 and Table I . Fig. I (b) illustrates the way in which individual purified peptides were located on two-dimensional maps using peptide 32 as an example.
Two-dimensional maps of tryptic peptides
The two-dimensional peptide maps were highly reproducible and were identical to that shown by Bancroft et al. 097I) if a 3"5 h tryptic digest was used to prepare the map; if, however, a 24 h digest was used the amounts of peptides 39 and 4o were markedly reduced, while peptides I5 (lysine) and 25 (arginine) increased in relative intensity, suggesting that peptides 39 (Lys~, Asn) and 40 (Lys, Arg, Asn) are further hydrolysed on extended tryptic digestion. Fig. 2 shows the electrophoretic patterns of the fractions obtained by AG5o chromatography of the pyridine acetate-soluble peptides. The brackets marked 'A' denote fractions which contained only one peptide and which were pooled for amino acid analysis; those marked 'E' represent peptide-containing fractions which were pooled for further fractionation by paper electrophoresis. The remaining peptides were purified by gel filtration of appropriate pooled fractions. than AE-cysteine, because the latter was observed to have undergone destruction during acid hydrolysis. The purification procedures~AG5o chromatography, G25
Purification and amino acid compositions of the tryptic peptides
gel filtration and paper electrophoresis, are indicated as A, G, and E, respectively. The percentage yield of each peptide was calculated on the basis of recovery after purification, assuming IOO ~ hydrolysis of the appropriate cleavage points daring tryptic digestion, but no corrections were made for losses during purification procedures. Table [ and Fig. 2 . The letters designate peptides which gave positive staining reactions for arginine (A), tryptophan (TR), tyrosine (TY) and histidine (H). Peptide 8, which contains tyrosine, did not give a positive staining reaction for tyrosine. (b) Two-dimensional separation of 5 nmol total tryptic peptides from CCMV AE-coat protein plus Ioo nmol peptide 32; peptides located using ninhydrin. Table [ shows the amino acid compositions of the major tryptic peptides obtained from AE-coat protein; the peptide numbering corresponds with that in Fig. I and 2 . The low value for AE-cysteine in peptide 2I is due to the destruction of AE-cysteine during the hydrolysis of the peptide, which had been eluted from paper. [Hayashi et al. Table I . L is the position adopted by lysine and N, the position occupied by neutral peptides, after electrophoresis. O is the line along which the samples were applied.
ever, which also contains AE-cysteine, was obtained directly from the AG5o column and showed integral values of AE-cysteine.
D I S C U S S I O N
The C-terminal residue of CCMV coat protein is tyrosine (Bancroft et aL I968) and therefore the number of peptidcs obtained on tryptic hydrolysis of AE-coat protein should bc 24 (i.e. one more than the sum of the lysine, arginine and AE-cystcinc residues; see Table 0 - Fig. I and 2 show that approx. 3o tryptic pcptidcs can bc detected in a tryptic digest of AE-coat protein; after purification and analysis of all tryptic pcptidcs a number could be dismissed as possible major pcptidcs on the basis of partial dcamidation, partial dcacctylation, or incomplete hydrolysis, leaving a total of 23 peptides, one of which (pcptidc 40) contains both lysinc and argininc. Although the composition of pcptidc 4o is equivalent to pcptidcs 25 + 26 (scc Table I uncertainty in the purity and composition of the large, insoluble peptide 9 and should become apparent as sequencing progresses.
The amidization of some aspartyl and glutamyl side chains could be inferred from the electrophoretic mobilities of some peptides, as follows: peptide 5, 2 Gln; peptide 11, 2 amides; peptide 26, ! Asn; peptide 29, I Asn; peptide 32, I Gln; peptide 40, I Ash. These account for eight of the twelve amide groups present in CCMV coat protein (Bancroft et al. i968), the remaining four presumably being present in peptide 9, which is electrophoretically immobile.
Tremaine et al. 0972) have reported a partial sequence for the first 25 residues from the N-terminus of CCMV coat protein, after isolation of peptides released by the chymotryptic and tryptic digestion of the intact virus particle; all of the tryptic peptide compositions reported by Tremaine et al. 0972) correspond with those reported here.
